structure of feather keratin. I. X-ray diffraction studies and other experimental data. Biophys. J. 1: 467-487. Schor, R., and S. Krimm, 1961b . Studies on the structure of feather keratin. II. A fj-helix model for the structure of feather keratin. Biophys. J. 1:489-515.
W
ORK by Bower et al. (1964 Bower et al. ( , 1965 reported on the response of chorioallantoic membranes of two strains of chicken embryos and their F^ and Fa-generation crossbreds to inoculations with Rous sarcoma virus. It was found that the "Giant Jungle Fowl" was resistant while the White Leghorn was susceptible and the F a cross gave an intermediate response. Dhaliwal (1963) stated that the mechanism of resistance of the chorioallantoic membrane to Rous sarcoma virus was different from that of the embryo proper and the hatched chick or adult chicken. Beard (1958) mentioned that occasional retrogression had been observed in most types of tumors.
In light of these observations, the present work was planned to investigate the response of the "Giant Jungle Fowl" and White Leghorn strains, their F x -and F 2 -generation crossbreds, to subcutaneous inoculations of Rous sarcoma virus in the wing web of five-week-old chickens. This mode of inoculation was chosen because it affords a convenient opportunity to measure the size of tumor response among the pure strains and crosses. Also, it permits observation of retrogression which is not the case with chorioallantoic membrane inoculations.
were intermingled and brooded in the same pen to S weeks of age. Four separate hatches spaced two weeks apart constituted different experiments.
Strain of virus: Rous sarcoma virus (RSV) identified as TV-20 was obtained from Dr. W. Ray Bryan at the National Cancer Institute and was used in these experiments.
Dilution of virus: A single dilution of virus was used. A dilution of 1:300 was selected following assay of the virus by subcutaneous wing web inoculation of fiveweek-old purebred W.L. chicks. Dilution of the virus was made in Hanks' balanced salt solution containing two percent normal calf serum. The dilution tubes were kept chilled by immersion in an ice water bath during inoculation; 0.20 ml. was used as a standard volume of inoculum.
Inoculation of birds: All birds were inoculated in the subcutaneous tissue of the left wing web at five weeks of age. Inoculation was done with a 22 gauge -f-inch needle. The needle was inserted through the skin over the muscles on the ventral surface of the forewing and passed through the muscle tissue to the point where the ventral and dorsal skin layers became closely approximated to form the wing web. The inoculum was delivered at this point forming a "blister" at the edge of the muscle and distending the ventral skin layer of the wing web. The muscle tissue acted as a valve to prevent back leakage of the inoculum through the needle track.
A total of 1,007 birds were inoculated. Each experiment had treated birds and two controls, one inoculated with diluent and housed separately, and the other uninoculated and intermingled with treated birds.
Examination of birds: All birds with tumors were examined twice weekly from the 9th to the 68th day after inoculation; and those birds that developed a massive tumor were immediately sacrificed. Birds which had not developed tumors by the 40th day were placed in the adjoining pen and were observed again only on the 54th and 68th days. All birds that had not developed tumors by the 68th day were classified as negative response. After this date the only birds left were those which still had tumors and those whose tumors had regressed. These birds were examined once weekly until they either developed a massive tumor or until their tumor had retrogressed. No examinations were made after the 166th day from inoculation. The few birds remaining at this time were placed in the unclassified response.
Classification of tumor response: The various types of tumor responses evoked by inoculation of RSV were classified as follows: negative-no evidence of a tumor during the 68-day observation period; retrogressive-a tumor appeared but later completely regressed with the wing web returning to a normal appearance and receiving a score of zero for a minimum of four weeks; progressive-a massive tumor (score 4) developed at which time these birds were sacrificed; unclassified-the response could not be definitely placed in one of the above categories due to death from natural causes or to the fact that a tumor was still present (but not terminated or retrogressed) at the 166th day after inoculation.
Measurements and scores: Measurements were taken on the diameter of each tumor on the days of examination. One measurement was taken lengthwise with the wing and the other was taken crosswise the wing. Measurements were taken to the nearest one-tenth of a centimeter for tumors less than 1 centimeter, and to the nearest five-tenths of a centimeter for tumors with a diameter over 1 centimeter. These two measures were multiplied to give an estimated tumor size in square centimeters. While actual measurement of size was an objective measure, it was not considered sufficient because it did not account for such factors as discoloration, height, bulge, and fullness of the tumor. Subjective scores used were taken to account for these factors at each examination. The following scores were used: 0-no evidence of a tumor; 1-a raised "pimple" or "blister" indicating the start of tumor development or a small tumor without discoloration usually less than 1 square centimeter; 2-a small tumor showing some discoloration; 3 --a medium-sized tumor with definite discoloration and considerable height and fullness; 4-a bulging, massive tumor completely discolored, covering much of the wing web and likely to burst before the next examination, usually larger than 9 square centimeters.
RESULTS

Differences between breeding groups in response to inoculation:
The number of birds of each breeding group that gave a particular response within each experiment are given in Table 1 . These numbers are disproportionate but not small compared with other reports on this type of work, with the possible exception of the G.J.F. The number of birds inoculated from this breeding group was necessarily the lowest because these birds are poor egg producers with very low fertility and hatchability.
There were four distinct types of tumor response exhibited. It was decided to examine differences between breeding groups within each type of tumor response, because each response may be the expression of a different inherent mechanism. This approach to analysis of similar data was made in part by Burmester et al. (1960) reporting on subcutaneous inoculations of various inbred lines with RSV. It was decided to determine whether the results of all four experiments could be justifiably combined for each response. If so, the number of birds within each response could be increased and this would reduce the probability of chance effects influencing the results. The test applied was the test of independence in an R X C table described by Snedecor (1956) . This test is equipped to handle disproportionate data in a table having R rows and C columns. Independence is tested by chi-square with (R-l) (C-l) degrees of freedom. The hypothetical frequencies, F, are based on the border totals. These F values with the observed frequencies, f, lead to the calculation of chi-square: within each type of tumor response. These accumulated chi-squares were used to determine the probability of independence or homogeneity between breeding groups and experiments within each response. They are presented in Table 2 . From these probability values, it may be seen that for retrogressive, progressive, and unclassified responses, respectively, there was homogeneity between breeding groups and experiments. This justifies combining the results of all four experiments for retrogressive, progressive, and unclassified responses, respectively. These combined results are presented in Table 3 . For birds with negative tumor response there was heterogeneity between breeding groups and experiments. This was apparently caused by an unusually large proportion of G.J.F. X W.L. birds in experiment 4 giving a negative response. This seems to justify combining results for negative response from the first three experiments, but treating experiment 4 separately. These negative tumor response results are given in Table 4 .
Negative tumor response: A chi-square test of independence between breeding groups and negative tumor response was conducted with pooled data of experiments 1, 2, and 3. It was computed according to the method outlined by Snedecor (1956) and described as a special method of computing chi-square in the R X 2 table. A chi-square value of 32.71 with P < .005 was obtained. This shows a highly significant probability that birds with a negative tumor response are dependent on breeding group. In experiment 4 a chi-square value of 9.43 with .10 > P > .05 was obtained. This indicates that the probability of birds giving a negative tumor response is just independent of breeding groups.
In general, throughout the four experiments the W.L. had the lowest percentage and the G.J.F. had the highest percentage of negative tumor response birds. In each experiment the average percentage of negative Fj-generation birds was below the mid-point of the average of the W.L. and G.J.F. breeds. The differences in the percentage of negative response between the two reciprocal Fi-generation birds were not consistent between experiments and suggest no real differences. The average 
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Progressive tumor response: A Chisquare value of 70.53 with P < .005 was obtained in a test of independence between breeding groups and percentage of birds with a progressive tumor response. This establishes a highly significant probability that birds with a progressive tumor response are dependent on breeding group.
The average percentage of birds with a progressive tumor response was highest for the W.L. and lowest for the GJ.F. The average percentage of both reciprocal F xgeneration birds that had a progressive tumor response was 54.79 which was slightly below the mid-point of 59.73 between the W.L. and GJ.F. This suggests either an expression of slight partial dominance for resistance or lack of dominance (see Figure 1 ). In three of the four experiments the Fj-generation birds that were W.L. X GJ.F. had a higher percentage showing a progressive tumor response than the GJ.F. X W.L. birds. The overall average for the four experiments was 65.45 percent for W.L. X GJ.F. birds as compared with 44.12 percent for GJ.F. X W.L. birds. This same tendency for W.L. X GJ.F. F a birds to show greater tumor response was reported by Bower et al. (1964) breeding groups and percentage of birds with retrogressed tumor response. This indicates a highly significant probability that birds with a retrogressed tumor response are dependent on breed.
The W.L. and GJ.F. breeds averaged only 3.24 percent and 12.20 percent of birds with retrogressed tumor response, respectively. However, the average of the reciprocal F^generation birds was 22.43 percent with retrogressed tumors (see Figure  1 ). This sharp increase in the proportion of Fi birds over the parental strains suggests overdominance gene action for this type of tumor response. The GJ.F. X W.L. birds averaged 29.41 percent retrogressed tumor response as compared with 15.45 percent for the W.L. X GJ.F. birds. This difference between the F x reciprocal crosses was large over all four experiments (see Table 3 ) and agrees with the previously stated tendency that the W.L. X GJ.F. birds showed less resistance as exhibited by a higher percentage of birds with a progressive tumor response.
The average of all F 2 -generation birds showing a retrogressed tumor response was 11.05 percent which was just about one-half the average of the Fi birds. This supports the suggestion that overdominance or heterosis influences retrogression of tumors.
Unclassified tumor response: Birds that died from causes other than RSV infection before they could be classified as to having a negative, positive, or retrogressed tumor response were assigned to this category. It also included a few birds that remained with tumors at the end of each experiment 166 days after inoculation. These birds in most cases had shown some tendency towards regression of tumors.
Combination of birds with progressive and retrogressive tumor responses: Subcutaneous inoculation with RSV in the wing web affords the opportunity to observe retrogression of tumors while inoculation on the chorioallantoic membrane of the embryo does not permit this. Genotypes that are classified as giving a retrogressed tumor response would presumably show tumors on the chorioallantoic membranes in comparable circumstances. Therefore, comparisons between the genetic responses of chickens to RSV inoculations by the two methods should be made between a combination of birds with progressive and retrogressive tumor responses for subcutaneous wing web inoculation and numbers of tumors on the chorioallantoic membranes.
For this combination of the two responses, the various breeding groups averaged as follows: W. Figure 1 ). This agrees with the work reported by Bower et al. (1964) in which partial dominance for susceptibility was found with the number of tumors produced by RSV on the chorioallantoic membrane. It demonstrates the need for combining the incidence of progressive and retrogressive tumor responses in work where the mode of inoculation and age of host permits retrogression to be observed in order to compare results with responses from inoculation of the chorioallantoic membrane.
The average percentage of the F 2 birds with a combination of progressive and retrogressed tumor responses was lower than that of the F± crosses. This may in part be due to the previous observation that overdominance gene action may contribute to retrogression of tumors.
Differences between sexes within breeding groups for frequency of birds showing each type of tumor response: Chi-square tests were conducted to determine whether the response of birds within each breed was independent of sex. Only two of the twenty-four breeding group-response combinations showed that response within breed was dependent on sex. They both occurred in the W.L. X G.J.F. birds in which significantly more females gave a progressive response, and consequently, more males gave a negative response. DISCUSSION Subcutaneous inoculation of RSV in the wing web evoked similar responses to inoculation of the chorioallantoic membrane as reported by Bower et al. (1964) . The W.L. was susceptible, the G.J.F. resistant, and the F t crosses gave an intermediate response suggesting either slight partial dominance for susceptibility or lack of dominance. The Fj cross W.L. X G.J.F. was more susceptible than its reciprocal cross. This was also found by Bower et al. (1964) . The reasons for these differences have not been determined.
Subcutaneous inoculation of RSV in the wing web gave opportunity for observing retrogression of tumors, which is not practicable from inoculation of the chorioallantoic membrane. There is some evidence that heterosis or overdominance gene action may influence the percentage of birds giving retrogressive tumor response since the Fj cross showed a higher percent of such tumor response than either of its parents. This type of gene action may in part explain the difficulty experienced in selecting pure strains of chickens that are entirely resistant to some forms of leukosis.
There are highly significant differences between breeding groups for the percentage of birds with negative, progressive, and retrogressive tumor responses, respectively. This suggests the need to investigate the presence of possible genetic mechanisms of resistance causing negative and retrogressive tumor responses.
The status of other leukosis viruses in the birds used in this work was not determined. Hanafusa et al. (1963) have shown that prior infection with RAV (Rous associated virus) and RIF (resistance-inducing factor) can interfere with RSV infection in vitro. These viruses are egg transmitted. Rubin et al. (1961) show no evidence to support transmission of RIF from males to their progeny. Examination of the data among reciprocal Fj crosses (Table 3) shows that progeny from G.J.F. hens had more progressive and less retrogressive tumor responses than those from W.L. hens. This indicates no interference from RAV or RIF coming through the egg of the resistant G.J.F. hens. It appears that the susceptibility of the W.L. to RSV cannot be ascribed to immunological tolerance to RAV, because the W.L. male imparted substantial susceptibility to the progeny from matings to G.J.F. females. These data suggest that the results reported in this work were not impeded by lymphomatosis viruses.
SUMMARY
A total of 216 White Leghorn, 41 Giant Jungle Fowl, 212 Fi-generation crossbred, and 538 F 2 -generation crossbred chickens were inoculated subcutaneously in the wing web with Rous sarcoma virus at five weeks of age. The tumor responses of the birds were observed and categorized as negative, progressive, retrogressive, or unclassified response, respectively. There was evidence to suggest slight partial dominance for susceptibility, over-dominance gene action influencing retrogression of tumors, and highly significant differences between breeding groups for the percentage of birds with negative, progressive, and retrogressive tumor responses, respectively. ty and no deficiency symptoms were seen in the developing embryos. They did, however, report a reduction in shell-breaking strength at the lower manganese levels.
A chronic congenital ataxia in chicks due to a manganese deficiency in the maternal diet was described by Caskey et al. (1944) . This condition occurred when the hen diet contained manganese at a level of 6.3 p.p.m. of ration. No brain damage to the chicks could be found, yet the birds never recovered. Couch et al. (1947) studied the effect of different levels of manganese and vitamin D in the diets of hens and pullets. These workers reported that pullets did not require over 41 p.p.m. of manganese in the diet for egg production while hens required 71 p.p.m. of manganese. Egg production, fertility and hatchability were depressed when diets were below these levels of manganese even though there was a very low incidence of chondrodystrophy.
